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Abstract 
The objective of this study was to evaluate differences in the performance of offspring of boars selected with an index emphasizing resilience 
and boars selected based on a traditional index, emphasizing feed efficiency and carcass quality (traditional) index vs. a customized (resilience) 
index. The resilience index was identical to the traditional index, except that extra emphasis was placed on piglet vitality (increased by 66%), 
growth rate (decreased by 14%), and feed intake (increased substantially by 5,157%). Sows were mated to either boars selected based on 
the resilience index or boars selected on the traditional index. Weaned offspring were vaccinated for Porcine Reproductive and Respiratory 
Syndrome Virus (PRRSV) and experimentally infected with PRRSV RFLP 1-7-4 four weeks later. Offspring were allocated to pens (n ~ 27 pigs/
pen; n = 27 pens/group) by sire-selection group for a total of 1,458 pigs in 54 pens. The weight of each pen was recorded on 0, 42, and 110 d 
postinfection (DPI) and used to calculate average daily gain (ADG), average daily feed intake (ADFI), and feed conversion ratio (FCR). Mortalities 
were recorded from 0 to 110 DPI and necropsies were routinely performed to characterize pathogens present within the barn. Pigs classified as 
full value (i.e., >104 kg and void of defects) were slaughtered and hot carcass weight (HCW), backfat, loin depth, and lean weight were obtained 
from the slaughter plant. Effects of progeny group on performance, carcass characteristics, and mortality rate were estimated with a mixed 
linear model. Differences between progeny groups in ADG (P > 0.27), HCW (P = 0.68), backfat (P = 0.13), or loin depth (P = 0.39), and mortality 
rate (P = 0.29) were not detected. From 0 to 42 DPI, offspring of boars selected based on the resilience index had higher ADFI (0.06 kg/d, 
P = 0.01) and higher FCR (0.12, P = 0.01). In summary, results from this study do not support selection of boars for increased feed intake, piglet 
viability, and robustness in order to prevent losses caused by PRRSV, but selection response was only measured after one generation of male 
selection. The impact of multiple generations of selection, or the development of an index including traits derived from data collected under 
disease-challenged conditions should be explored. The data collected for this study are a valuable resource to explore additional genetic selection 
strategies for enhanced resilience to a multifactorial PRRS challenge.

Lay Summary 
Selection for disease resilience in pigs may complement existing strategies for reducing economic losses caused by Porcine Reproductive and 
Respiratory Syndrome Virus (PRRSV). In this study we evaluated differences in the performance of progeny of boars selected with an index 
customized to emphasize resilience and boars selected based on a traditional index, emphasizing feed efficiency and carcass quality. The re-
silience index was identical to the traditional index, except that extra emphasis was placed on increased piglet vitality and feed intake and the 
emphasis placed on growth rate was reduced slightly. Weaned progeny from the selected boars were vaccinated for PRRSV and experimentally 
infected with PRRSV RFLP 1-7-4 four weeks later. Performance differences between progeny groups in average daily gain, hot carcass weight, 
backfat, loin depth, and mortality rate were not detected. From 0 to 42 d postinfection, offspring of boars selected based on the resilience index 
had higher daily feed intake. In summary, results from this study do not support selection of boars for increased feed intake, piglet viability, and 
robustness in order to prevent losses caused by PRRSV. However, the data collected for this study are a valuable resource to explore additional 
genetic selection strategies for enhanced resilience to a multifactorial PRRS challenge.
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Introduction
Porcine Reproductive and Respiratory Syndrome (PRRS), 
which is caused by the PRRS virus (PRRSV), continues to be a 
costly disease for commercial swine producers throughout the 
world. In 2013, PRRSV was estimated to cost $US 3.00 per 

marketed pig, including the costs of the disease itself and pre-
ventative measures (Holtkamp et al., 2013). The PRRSV can 
also weaken a pig’s immune response, allowing opportunistic 
secondary infections to occur (Gómez-Laguna et al., 2013). 
Many swine producers vaccinate their pigs for PRRSV and 
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practice strict biosecurity measures to prevent the virus from 
entering their barns. Although these measures decrease viral 
transmission and clinical signs, full protection from PRRSV 
has not been achieved. Vaccination, in particular, has been 
effective at protecting pigs from PRRSV. However, vaccine 
efficacy varies among herds and depends on many factors, 
including the genetic similarity between PRRSV strains used 
in vaccines and the disease-causing viral strains (Lager et al., 
1999; Meng, 2000). Vaccination has not been fully effica-
cious, in part, because of the high mutation rate of the PRRSV 
(Brar et al., 2014). Continued research into measures to re-
duce the cost of PRRSV infections is clearly needed.

One potential control strategy is the use of genetic se-
lection to breed pigs that are resilient to PRRSV infection. 
Genetic selection has been shown to be an effective method to 
increase production efficiency for weight gain, feed efficiency, 
litter size, and carcass characteristics. The goal of breeding 
for enhanced disease resilience is to breed animals capable 
of maintaining performance or quickly recovering after path-
ogen exposure (Mulder and Rashidi, 2017). In the context of 
PRRSV, a resilient pig continues to grow after being exposed 
to PRRSV and yields a quality, full value carcass.

The objective of this study was to evaluate differences in 
performance, carcass characteristics, and mortality rate be-
tween 2 groups of pigs; pigs sired by boars selected based 
on either a traditional index, emphasizing feed efficiency 
and carcass quality (i.e., traditional) index vs. a customized 
(resilience) index. The resilience index was identical to the 
traditional index, except that extra emphasis was placed on 
piglet vitality, as well as feed intake and growth rate during 
finishing.

Materials and Methods
Prior to the start of this study, the South Dakota State 
University and Pipestone Applied Research (PAR) institutional 
animal care and use committees (SDSU IACUC 18-030A and 
PAR IACUC 1-18) reviewed and approved the trial protocol, 
mortality standards, and caretaker handling certification. 
These guidelines were upheld throughout the trial.

All pigs were sourced from a 5,000-head sow breeding farm 
located in northeastern South Dakota, USA. All sows were 
naïve to PRRSV. Each sow was mated using semen from only 
one sire. Boars were selected based on Topigs Norsvin’s tradi-
tional selection index (traditional index; n = 11 sires), which 
emphasizes feed efficiency and carcass merit, or a customized 
index, developed for this study. This customized index was 
identical to the traditional index, except that the emphasis 
placed on piglet vitality was increased by 66%, the emphasis 
on growth rate was decreased by 14% and the emphasis on 
feed intake was increased considerably by 5,157% (resilience 
index; n = 11 sires). If a female showed signs of heat the day 
after being inseminated, she was rebred to the same boar. 
Females were farrowed in crates. After farrowing the piglets 
were individually identified using the Caisley tagging system 
(Caisley Eartag Limited, North Yorkshire, UK). Parentage, 
foster dam (if any), parity of the dam, birth weight and sex 
were recorded for each piglet. Cross-fostering was permis-
sible and practiced according to the following specifications: 
piglets of extreme (small or large) size relative to littermates 
were candidates for cross-fostering within the first 24 h after 
farrowing (to limit competition among littermates); however, 
a piglet could only be moved to another litter of the same 

genetic group. Litter size was adjusted to match teat count 
of the sow and thus limit competition amongst littermates. 
Piglets were weaned between 14 and 29 d of age and received 
0.5 mL of Baytril (Bayer Healthcare LLC). Average  age 
at  weaning was 20.3 ± 0.3 and 20.4 ± 0.3 for pigs in the 
resilience and traditional groups, respectively. At weaning, 
piglets that appeared healthy, had good leg quality, were free 
of defects, and weighed more than 3.6 kg were selected for 
the trial. Selected piglets were moved to a 2,400- commercial 
research barn located in southwestern Minnesota, USA. 
At weaning, piglets were moved to a 2,400 head wean-to-
finish barn located in southwestern Minnesota, USA. This 
research barn was tunnel ventilated with 2 rooms consisting 
of 39 and 42 pens, although only 54 pens (26 and 28 per 
room) were used for this study. Each room had a separate, 
but identical, ventilation system (Expert Series, Automated 
Production) that regulated the environment within the room. 
Individual and pen wean weights were recorded upon entry 
into the trial and a radio frequency identification tag (Merck 
and Co, Rahway, New Jersey, USA) was placed in the ear of 
each pig. To facilitate processing, pigs were received at the 
finishing barn over 5 weaning events. Thus, wean weight, 
wean weigh date, and wean age varied within progeny 
groups but did not significantly differ between the groups. 
On the final wean day, all pigs were vaccinated with 2 mL 
of a PRRS modified-live virus vaccine (Ingelvac PRRSV ATP, 
Boehringer Ingelheim).

Because pigs were allocated to pens by progeny group, 
pen was the experimental unit. The trial was designed as a 
randomized block. Each block (n = 27) consisted of 2 adja-
cent pens, one containing pigs sired by boars of the resilience 
group and the other containing pigs sired by boars of the tra-
ditional group. Block was used to account for environmental 
variation such as humidity, temperature, air quality, and 
other environmental factors that may vary by location with a 
tunnel-ventilated barn. Each pen consisted of 27 pigs, which 
were randomly selected from the wean group, except that the 
smallest 27 pigs of each group were placed into a single block 
in an attempt to limit competition within the pens. Male and 
female pigs were penned together with an equal sex-ratio in 
each pen of a block. Each pen, which had 0.65 m2 of floor 
space per pig, was equipped with a 4-hole dry feeder (Crystal 
Spring Hog Equipment, Ste. Agathe, Manitoba, Canada) with 
a capacity of 136 kg and 34.93 cm wide feeder hole and 2 
cup water dishes. Feed and water were provided ad libitum. 
An automated feeding system was used for all pens, which 
recorded the time and amount of feed delivered (Feedlogic 
Corporation, Willmar, MN).

Four weeks after vaccination, pigs were individually 
inoculated with the PRRSV lineage 1 strain 174 via intra-
muscular injection (dose = 2 × 103.5 tissue culture infectious 
(TCID50) dose) under veterinary supervision. Following 
the guidelines of a previous PRRS challenge study (Dee et 
al., 2018), pigs were observed weekly by the attending vet-
erinarian and welfare director at Pipestone Veterinary Clinic 
to advise on the proper timing and method of antibiotic in-
tervention. Visual assessment of the pigs and their environ-
ment, including access to food and water, was completed 
daily by a caretaker under the direction of the site veter-
inarian. This included evaluating pig health using the indi-
vidual pig care (IPC) scoring system (Pineiro et al., 2014) 
where “A” = mild signs of disease; “B” = medium; “C” = se-
rious; and “D” = very serious or near death. On any given 
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day, pigs that were assigned a score of “B” or “C” were 
treated with antibiotics and added to a watch list for frequent 
monitoring. Pigs deemed to be immobile and unable to eat 
or drink were euthanized by a qualified caretaker who had 
been trained by the Pipestone Welfare Department and vet-
erinarian. Once 20% of the population was classified as ei-
ther a “B” or “C”, mass medication was administered. This 
occurred twice; first at 21 d postinoculation (DPI) when 
each pig received a 1 mL intramuscular (IM) injection of 
Excede (ceftiofur crystalline free acid, Zoetis, Parsippany, 
NJ, USA) to address respiratory distress, and Predef (Zoetis, 
Parsippany, NJ, USA) was administered to address inflamma-
tion. Pigs were mass-medicated a second time at 26 DPI via 
water- soluble LinxMed (Lincomycin Hydrochloride Powder, 
Bimeda, Oakbrook Terrace, IL, USA) at a dose of 160 g per 2 
gallons of freshwater stock solution for 7 d, to address signs 
of pneumonia and arthritis.

Oral fluid samples were collected weekly starting at −7 
DPI using a cotton rope located in each pen. These samples 
were sent to the Animal Disease Research and Diagnostic 
Laboratory (ADRDL, Brookings, SD, USA) at South Dakota 
State University and tested for PRRSV and influenza. If the 
sample tested positive for PRRSV prior to challenge, the 
virus was sequenced to confirm that the identified strain 
matched the vaccine strain. Pigs that died were necropsied by 
a trained caretaker and samples were submitted to the South 
Dakota State University ADRDL to monitor the presence of 
pathogens throughout the study.

Body weight and feed intake were recorded on a pen basis 
and summarized at days 0, 13, 42, and 110 DPI to calcu-
late average daily gain (ADG), and average daily feed intake 
(ADFI) for the periods. Feed conversion ratio (FCR) was cal-
culated from these data. Pigs were marketed at a target weight 
of 127 kg. The first marketing event occurred at 111 DPI and 
continued over a 5-wk period. Both genetic groups averaged 
156 d on feed. Pigs sent to the packing plant weighing more 
than 104 kg and void of defects (e.g., umbilical hernias and 
intact males) were classified as full value (FV). Pigs weighing 
less than 104 kg or with a defect were sent to a secondary 
market and classified as a Light Cull and Defect Cull, respec-
tively. The FV pigs were harvested at a packing plant where 
hot carcass weight (HCW), percent lean, and depths of subcu-
taneous fat and longissimus muscle were recorded. Individual 
weights were collected on the morning of marketing and 
HCW was recorded during harvesting.

All analyses were performed using R software (R Core 
Team, 2021). Pen was the experimental unit. The pen means 
for incidences of FV, light, defect, and mortality; postweaning 

ADG, DFI, FCR, and the carcass data were the dependent 
variables. The model used to analyze the data was:

yijk = µ+Gi + Bj + eijk

In this equation, yijk represents the mean of the dependent 
variable for pigs in the kth pen, µ represents the overall mean, 
Gi represents the ith progeny group (i.e., pigs sired by boars 
selected based on the resilience or traditional index), and Bj 
represents the jth random barn location (block with 27 levels) 
in the barn. Weight on day 0 (i.e., initial weight) was included 
in the model for ADG between days 0 and 42 DPI and for 
FCR. A second linear mixed model was used to estimate ef-
fect of progeny group on birth weight and ADG from birth 
to weaning, where the individual piglet was the experimental 
unit. The data were analyzed using the model:

yijkl = µ+ Gi + Sj + Mik + eijkl

In this equation, yijkl represents either birth weight or ADG 
from birth to weaning of the lth individual piglet, µ represents 
the overall mean, Gi represents the fixed effect of the ith 
progeny group, Sj represents the fixed effect of the jth sex 
of the piglet (barrow or gilt), and Mik represents the random 
effect of kth dam nested within the ith group of each piglet. 
Interaction effects of birth date*sex and progeny group*sex 
were not statistically different for either trait (P > 0.10) and 
thus were not included in the final model. The value P ≤ 0.05 
was used as the criterion for declaring effects significant.

Results
Pigs in the traditional group tended to be heavier at birth 
than pigs in the resilience group (P = 0.06; Table 1). Males 
were 0.05 kg heavier at birth than females (P < 0.01). No 
difference in weaning weight, weaning age, or ADG (birth-
to-weaning) was detected between progeny groups (P = 0.65, 
P = 0.86, and P = 0.95, respectively). Only the vaccine strain 
of PRRSV was found in pigs prior to 0 DPI, suggesting that 
pigs were not exposed to wild-type PRRSV before being chal-
lenged with PRRSV lineage 1 strain 174.

From weaning to harvest, no differences in growth rate 
and ADFI were detected between the groups (P = 0.27, 0.11; 
Table 2). However, the traditional group was more efficient 
than those in the resilience group (P < 0.01), likely as a conse-
quence of the numerical advantages in both ADG and ADFI 
of pigs in the traditional group.

Table 1. Least squares means for the effect of progeny group (pigs sired by boars selected based on the resilience vs. traditional index) for traits 
evaluated from birth to weaning

Progeny group

Variable Resilience Traditional P value

Pigs, n 727 730

  Birth weight, kg 1.45 ± 0.36 1.52 ± 0.30 0.06

  Average daily gain, kg/d 0.22 ± 0.01 0.22 ± 0.01 0.95

Pens, n 27 27

  Weaning weight, kg 6.15 ± 0.13 6.20 ± 0.13 0.65

  Weaning age, d 20.33 ± 0.3 20.38 ± 0.3 0.86
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During the 42 d challenge period, no difference in ADG 
of pigs was detected between the groups (P = 0.82, Table 2). 
This similarity in growth rate was achieved despite the resil-
ience pigs having consumed 0.6 kg more feed per day than the 
traditional pigs (P < 0.01). Thus, traditional pigs had a lower 
(P < 0.01) FCR than the resilience pigs.

Differences in live weight at harvest, HCW, percent yield, 
subcutaneous fat depth, and longissimus muscle depth were 
not detected between the traditional and resilience groups 
(Table 3, P > 0.05). Pigs that were sired by boars from the T 
line had a significantly greater predicted % lean (P = 0.02). 
Further, pigs that died, presented defects, or failed to attain 
the desired minimum weight for harvest represent oppor-
tunity costs, but no differences were detected between the 
groups for the final outcome classifications (Table 4).

The source farm was positive for influenza. Therefore, the 
piglets were positive for influenza when they arrived at the re-
search barn. Prior to challenge, 75% of necropsied pigs were 
also positive for Streptococcus suis. Fecal samples collected 
from a subset of pens were positive for rotavirus, but that 
disease was limited to only a small number of pens and no 
clinical signs of disease were observed prior to 0 DPI. Oral 
fluids and tissue samples were routinely collected from pigs 
postinoculation. Results of oral fluid sampling revealed that 
pigs were positive for PRRSV 1-7-4 at 3, X, and X DPI and 
for influenza? PCV2? at X and X DPI, respectively. Tissue 
samples were collected from a select number of pigs that 
died during the challenge phase. Pathological evaluation of 
tissue samples revealed the presence of Actinobacillus suis, 
Haemophilus parasuis, and Pasturella multocida at X weeks 

postinoculation and Bronchopneumonia and Escherichia coli 
haemolytic at 8 wk postinoculation.

Discussion
Genetic selection is a tool used in many livestock species to 
increase the rate of genetic improvement. Feed is the greatest 
cost for swine producers, thus selection for improved feed ef-
ficiency and growth rate are consistent with increased profita-
bility (Niemi et al., 2015) and reduced environmental impact 
(Hume et al., 2011). In recent years society has become in-
creasingly concerned about incorporating health and wel-
fare issues in more holistic approaches for pork production 
(Merks et al., 2012; Denver et al., 2023). Taken together these 
factors encourage inclusion of resilience as a consideration in 
swine improvement programs (Hermesch et al., 2015).

Globally, PRRS is consistently regarded as one of the most 
economically devastating diseases impacting swine producers. 
Since recognition of the virus in the late 1980s, producers 
have suffered major financial losses due to PRRS (Holtkamp 
et al., 2013), mainly as a result of decreased performance 
and increased mortality following infection (Neumann et al., 
2005). The severity and loss from a PRRS outbreak varies 
depending on factors such as PRRSV isolate or the presence 
of co-infections. Therefore, the objective of this study was to 
evaluate the possibility of using selective breeding to create 
differences in performance and mortality among commercial 
finishing pigs following experimental challenge with a highly 
pathogenic strain of PRRSV. To do this, 2 different progeny 
groups were created: pigs sired by boars selected based on a 

Table 2. Least squares means for the effect of progeny group (pigs sired by boars selected based on the resilience vs. traditional index) for traits 
evaluated postweaning

Progeny group

Variable Resilience Traditional P value

Pens, n 27 27

Weaning to Harvest

  Average daily gain, kg/d 0.76 ± 0.01 0.77 ± 0.01 0.27

  Average daily feed intake, kg/d 1.87 ± 0.02 1.84 ± 0.02 0.11

  Feed conversion ratio 2.45 ± 0.01 2.39 ± 0.01 <0.01

PRRSV-challenge period (0 to 42 d postinoculation)

  Average daily gain, kg/d 0.56 ± 0.01 0.56 ± 0.01 0.82

  Average daily feed intake, kg/d 1.22 ± 0.03 1.16 ± 0.03 0.01

  Feed conversion ratio 2.20 ± 0.02 2.08 ± 0.02 0.01

Table 3. Least squares means for the effect of progeny group (pigs sired by boars selected based on the resilience vs. traditional index) for carcass 
traits

Progeny group

Variable Resilience Traditional P value

Live weight at harvest, kg 124.37 ± 0.43 124.72 ± 0.43 0.33

Hot carcass weight, kg 92.60 ± 0.36 92.80 ± 0.36 0.68

Yield, % 74.4 ± 0.01 74.2 ± 0.01 0.17

Subcutaneous fat depth, mm 17.5 ± 1.9 17.1 ± 1.9 0.13

Longissimus muscle depth, mm 63.2 ± 4.8 63.7 ± 4.8 0.39

Lean, % 55.1 ± 0.2 55.7 ± 0.2 0.02
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traditional, performance-oriented selection index (the tradi-
tional index) or an experimental, customized selection index 
(the resilience index). The resilience index was identical to the 
traditional index, except that extra emphasis was placed on 
piglet vitality (higher by 66%), as well as feed intake (higher 
by 5,157%) and growth rate (lower by 14%) during finishing.

Piglet vitality was defined as the genetic effect of piglet sur-
vival from birth to weaning. Increased weighting was applied 
to this trait under the assumption that survival to weaning 
is genetically correlated with WTF survival following disease 
challenge. However, results from this study show that mor-
tality rate was numerically (2% ± 0.02) higher for pigs in the 
resilience vs. traditional group. The percentage of FV pigs at 
the time of harvest is another important metric of robustness. 
Non-FV pigs either died, were under-weight, or exhibited se-
vere physical defects at the time of marketing. Conversely, FV 
pigs survived the disease challenge and achieved the minimum 
harvest weight by the time of marketing. In this study, no sig-
nificant difference in the percentage of FV pigs was detected 
between the 2 progeny groups. Each genetic group was 
comprised of 27 replicates; to achieve 80% power at a signif-
icance level of 5%, a 30% difference in the percentage of FV 
pigs would need to have been observed. Additionally, a 66% 
increased emphasis on this trait may not be great enough to 
translate to decreased mortality in the resilience group.

The increased weight placed on feed intake during fin-
ishing in the index used to select the sires of the pigs was also 
predicted to improve resilience to disease challenge because 
results of other studies suggest that anorexia may occur as 
a result of decreased feed intake following disease challenge 
(Li and Patience, 2017). The significant emphasis placed on 
this trait was observed during the challenge period when pigs 
in the resilience group had significantly greater feed intake, 
but ADG was similar for both groups. This is consistent with 
results for FCR, which showed that pigs in the traditional 
group had significantly lower wean-to-harvest FCR and 
greater percent lean than pigs in the resilience group. These 
results also agree with the way that boars were selected for 
this study since the increased feed intake had greater emphasis 
in the selection of the resilience boars, but without regard for 
better FCR.

Taken together, differences between progeny groups in this 
study suggest that the combination of increased weighting 
on piglet vitality, feed intake, and growth rate, did not 
translate to faster growth or lower mortality following dis-
ease challenge. As described above, this could be because 
our assumptions about the genetic relationship between 
piglet vitality, feed intake, and growth rate measured under 

non-challenged conditions with robustness under disease 
challenge, were incorrect. In other words, different sets of 
genes may control growth under non-challenged vs. disease-
challenged conditions. Results of additional genetic analyses 
of the data collected from this trial provide evidence of sub-
stantial, natural genetic variation in host response to chal-
lenge (Dunkelberger et al., 2022). These results indicate that 
selection for improved mortality and growth rate following 
disease challenge is possible when using data collected under 
challenged conditions.

In general, more research is needed to better understand 
the relationship between selection for enhanced production 
under non-challenged conditions with robustness under 
challenged conditions. For example, the resource allocation 
theory suggests a potential trade-off between selection for 
production efficiency (i.e., feed efficiency) and the ability to 
mount an effective immune response (Rauw, 2012). However, 
results of an experimental challenge study show that pigs 
divergently selected for increased feed efficiency responded 
better to PRRSV-challenge than pigs selected for low feed ef-
ficiency (Dunkelberger et al., 2015). This may partially ex-
plain why pigs in the traditional group exhibited a similar 
level of robustness to the resilience group following infection. 
However, more research is needed to understand the relation-
ship between these performance traits with robustness to dis-
ease challenge.

Another potential explanation for the lack of signifi-
cant differences between progeny groups could be that, al-
though sires were selected using 2 different indices, all boars 
originated from the same population. Since the dams of all 
the pigs that were evaluated were of the same genetic line 
and from a single multiplier herd only one-half generation of 
selection separated the 2 groups. This is likely to be the main 
reason that the observed differences in performance between 
the groups were small. Results from other studies show min-
imal differences between lines following one-half generation 
of selection (Falconer, 1954; Nielsen et al., 1997; Márquez 
et al., 2010; Gilbert et al., 2017) in support of this interpre-
tation. The magnitude of the differences that were observed 
in this study reflect the magnitude of the effects that may be 
observed by a commercial swine producer using boars from 
these lines on an unrelated population of females. However, 
significant differences in performance and robustness have 
been detected between divergent selection lines after 5 or 
more generations of selection (Doeschl-Wilson et al., 2009; 
Faure et al., 2013; Mpetile, 2014; Dunkelberger et al., 2015).

This study was conducted in a commercial research fa-
cility and, therefore, representative of field conditions 

Table 4. Estimates for the effect of progeny group (pigs sired by boars selected based on the resilience vs. traditional index) for traits evaluated at 
marketing

Progeny group

Final Outcome1  Resilience Traditional P value

Full value, % 81.8 ± 0.02 83.7 ± 0.02 0.39

Mortality, % 16.2 ± 0.02 14.4 ± 0.02 0.29

Defect culls, % 0.7 ± 0.01 0.5 ± 0.01 0.73

Under-weight, % 1.2 ± 0.01 1.4 ± 0.01 0.79

1Final Outcome is a binary outcome assigned to every pig at the end of the study: Full Value: a pig was free of defects and weighed more than 104 kg at 
slaughter (1), or not (0); mortality: a pig died (1), or not (0), during the wean-to-harvest period; defect cull: a pig was sold to a secondary market due to a 
defect (1), or not (0); Light Cull: a pig was sold to a secondary market due to low body weight (<104 kg) (1), or not (0).
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and translatable to commercial production. The use of a 
polymicrobial disease challenge model, which is reflective of 
commercial conditions, was a strength of the experimental 
design. Overall, the average percentage of FV pigs was 
83%, indicative of moderate exposure to health challenge 
(Cornelison et al., 2018), which is a realistic assumption for 
pigs finished in leading hog-producing states.

Diagnostic testing was routinely performed throughout the 
study to obtain an overview of pathogens present pre- and 
postinoculation with PRRSV and results were consistent with 
the typical pathogen profile following a PRRS break. Yu et al. 
(2012) reported that highly pathogenic PRRSV accelerates the 
rate of infection and bacterial load of Haemophilus parasuis. 
Results from this study support this finding. Other pathogens 
detected in this study include influenza, Actinobacillus suis, 
Pasturella multocida, Bronchopneumonia and Escherichia 
coli haemolytic. To our knowledge, this was the first study 
to evaluate differences in WTF performance and mortality 
of pigs following experimental, individual inoculation with 
PRRSV in a commercial setting.

The use of individual inoculation was also a strength of the 
experimental design for evaluating differences between genetic 
groups. Rowland et al. (2012) identified lack of control as a 
major limitation of field trials for performing disease research. 
For instance, one of the major challenges of using field data 
for this purpose is variation in the level of pathogen exposure. 
While it was not possible to control the level of exposure to 
all pathogens present in this study, exposure to PRRSV was 
standardized by inoculating each pig with the same infectious 
dose of PRRSV, via the same route of exposure, and on the 
same day. Other attempts to control potential environmental 
variation in this study included sourcing all pigs from the same 
sow farm born of the same maternal line. Matings were also 
balanced by parity by group. Further, progeny groups had the 
same average wean age and were equally divided among both 
sides of the research barn at placement. Sourcing pigs to en-
sure the same average age at placement and, therefore, upon 
exposure to PRRSV, was critical, given that results of previous 
studies suggest that even slight differences in age for young pigs 
can impact PRRS viral load (Cho et al. 2005; 2006). “Block” 
was also fitted in the model for analyses of most traits in an at-
tempt to account for other environmental differences between 
groups of pens. Not surprisingly, “block” accounted for sub-
stantial variation for analysis of each trait, likely as a result 
of differences in temperature, air quality, humidity, and other 
factors known to vary depending on location within a tunnel-
ventilated barn. To summarize, extensive effort was invested 
to control known sources of variation for a disease challenge 
study, while still assessing pigs in an environment representa-
tive of commercial conditions.

Conclusion
Minimal differences in performance, carcass characteris-
tics, or mortality were detected between pigs sired by boars 
selected based on the traditional vs. the experimental resil-
ience index that was designed for this study. A potential ex-
planation for this finding could be as simple as the fact that 
pigs in the 2 groups were the result of only one-half generation 
of selection. One way to assess this would be to reevaluate 
differences in performance and mortality following several 
additional generations of selection. Another potential expla-
nation could be that the combination of traits emphasized in 

the resilience index are not the most appropriate traits to em-
phasize to select pigs for enhanced robustness to challenge. It 
could be argued that, absent appropriate indicator traits, se-
lection for enhanced robustness to disease must be conducted 
using data collected under diseased challenged conditions.
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